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This summary is based on my book 6 dealing with the Ethiopian Ano-
phelini and work published subsequently. More recent information has
been supplied by Mr. D. J. Lewis, Sudan ; Professor Millot, Madagascar;
the Director of Medical Services, Uganda ; the Director of Medical Services,
Mauritius; the Director of Medical Services, Northern Rhodesia; Dr.
Bagster Wilson ; and Dr. I. Vincke. I am grateful to these gentlemen for
replying to my request for information.

I propose to deal only with those species which have been found infected
in nature and must leave out those which have been incriminated on epi-
demiological and experimental grounds only. Species in which naturally
occurring infections have proved to be of non-human origin are not included
(e.g., Anopheles dureni).

As forecast in 1947, there has been an increase in the number of ano-
phelines found infected in nature.6 Many of these additions are exophilic
species which bite man in the open near their breeding-places. Vincke 55

is of the opinion that these exophiles are not important as vectors because
of their short life-span as determined by him in Katanga (Belgian Congo).
If climatic conditions should be favourable for an increase in longevity
then these exophiles may become important. It remains, of course, to be
proved that the infections in many of these exophilic anophelines are due
to human plasmodia. An interesting example in this connexion is dureni,
which was formerly thought to be an exophilic vector of human malaria 6
but in which the infections have now been proved to belong to a non-
human species (Plasmodium berghei).

The diversity of behaviour of the African anophelines in different
localities is now a well-known and accepted fact. The causes of this diversity
are less clearly understood. That climate (macro- and micro-) plays a
part is indisputable, but that other local differences in environment, such
as ecology of the population, presence or absence of domestic animals and
the way they are kept, physical geography, etc., also have an influence
must be borne in mind. Finally, there is to be considered the possible
existence of different physiological races and for this there is very little
evidence. This diversity of habit, whatever its cause may be, is a matter
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of the greatest importance to the malariologist, since a species harmless
in one region may be of the utmost importance in another. A striking
example of this has recently been given by Holstein,27 28 who found that
rufipes, harmless enough in most of Africa, is the principal vector in some
parts of the Haute-Volta (French West Africa).

Species and Varieties Found Infected in Nature with Malaria Parasites

austeni
brunnipes
christyi
concolor
coustani coustani
coustani var. ziemanni

demeilloni
domicolus
flavicosta
funestus funestus
funestus var. imerinensis
gambiae gambiae
gambiae var. melas
hancocki
hargreavesi

16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.

implexus
maculipalpis
marshalli var. gibbinsi
michaeli
moucheti moucheti
moucheti var. nigeriensis
nili
obscurus
paludis
pharoensis
pretoriensis
rhodesiensis
rufipes
squamosus

walravensi

Few workers in the past have excluded the possibility that naturally
occurring infections in anophelines may be due to non-human species of
Plasmodium. It is possible that some of the species listed above may even-

tually prove to be harmless to man.

1. austeni
Originally reported infected by Weilman & Fay 60 in 1907. Since that

time it has not been recorded again and nothing further is known about it.
It is known only from Bihe, Angola, but may have a wider distribution in
that country. The fauna of Angola is very little known and certainly merits
investigation.

2. brunnipes
Distribution. Known from Angola, Belgian Congo, French Guinea,

Gold Coast, Haute-Volta, Ivory Coast, Nigeria, Portuguese East Africa,
Sierra Leone, and Southern and Northern Rhodesia.

Adult bionomics. Generally regarded as rare, but considerable numbers
of adults have been taken in habitations at Leopoldville (Belgian Congo),
where a salivary-infection-rate of ± 4% was found in them in winter. It
is regarded as a secondary vector by Wanson & Berteaux59 who did the

1.
2.
3.
4.
5.
6.
7.
8.
9.

10.
11.
12.
13.
14.
15.
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original work. The species may be of some importance in winter. In
French West Africa, Holstein 28 found 1.38% infected with oocysts only
and considers its role as a vector to be nil or negligible.

Larval bionomics. Larvae have been found in small, exposed ground
pools and in slowly flowing water with high, partial shade.

3. christyi
Distribution. A highland species known from the Belgian Congo,

Ethiopia, Kenya, Madagascar, Tanganyika, and Uganda.
Adult bionomics. Generally regarded as a zoophilic species and rare

in habitations except at Addis Ababa (Ethiopia).'5 Symes 49 in Kenya
tested 363 females and found only 40 giving a positive precipitin test for
human blood. In 1945 de Boer 53 reported it to be endophilic and a vector
in the Kigezi highlands of Uganda. Subsequent investigations by Garn-
ham et al. 13 showed that funestus and gambiae were also present over
most of the area, and they could not decide what part christyi played in
local transmission. They make the interesting suggestion that since cattle
are rare in Kigezi christyi has had to abandon its zoophilism and become
anthropophilic.

Larval bionomics. It is largely a swamp breeder though shade is not essen-
tial especially at high altitudes. The larva is very tolerant oforganic pollution.

4. concolor
Distribution. Kwango and Katanga, Belgian Congo.
Adult bionomics. A forest species and exophilic.57 Adults are commonly

found resting on spiders' webs in tree trunks. Dr. Vincke (personal com-
munication) informs me that precipitin tests have shown that concolor
feeds mainly on antelopes, and that it has been found infected in several
regions. It will bite man in the forests, but from the evidence it would
appear that the infections found in this species are probably of non-human
origin. Adults are not found at any great distance from their breeding-
places.

Larval bionomics. Larvae and pupae occur in clear running or standing
water in forests or in heavily vegetated marshes near forests.

5. coustani coustani
Distribution. Widespread over most of the region.
Adult bionomics. MacGregor 36 reported it biting man indoors day and

night in Mauritius. At Jimma, Ethiopia, Giaquinta-Mira 15 also found it
entering habitations. Elsewhere in Africa it is regarded as an exophile.
Vincke 55 records it biting man readily near its breeding-places. In Southern
Africa it is very occasionally taken biting man out-of-doors. Vincke 55

reports one gland and one gland and stomach infection out of 2,116 dis-
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sected. He believes that the short life-span of this species prevents it from
acquiring infection and hence regards it as of no importance as a vector.
It is worth pointing out that attempts by Ross " and MacGregor 36 to
infect coustani experimentally with human plasmodia failed.

Larval bionomics. Mainly a swamp breeder everywhere and also known
from rice-fields. Shade is not absolutely essential if floating vegetation is
present. Larvae are rarely found in temporary rain-pools without vege-
tation. In the Transvaal the larvae are resistant to frost.

6. coustani var. ziemanni
Distribution. Much as in the type species but commoner on the west

coast and does not extend so far south.
Adult bionomics. An exophilic species over most of its range which is

known to enter lighted tents probably for the purpose of resting (Evans, 8
Haddow 20). Gibbins 17 reported it to be attracted to goats in Uganda.
Vincke 55 captured large numbers on human bait in a marsh near Elisabeth-
ville and reports one gland and one stomach infection in 1,407 dissections.
Scott 46 found it attacked man very readily in tents and in the open through-
out the day and night on Lake Zwai in Ethiopia. Giaquinta-Mira 15 reports
further instances of ziemanni attacking man in Ethiopia, where he found
one specimen with a salivary infection, but the number dissected is not
given. Again it is worth noting that Barber & Olinger 4 failed to infect it
experimentally with human plasmodia.

Larval bionomics. As in the type species.

7. demeilloni
Distribution. Mainly an eastern species extending from Ethiopia in

the north to Cape Province (Union of South Africa) in the south.
Adult bionomics. Normally an exophilic species over most of its range.

At Fort Portal, Uganda, however, Gibbins 16 found it to represent 0.7%
of all anophelines captured indoors. When they were present in unusually
large numbers in native huts the presence of domestic animals was also
noted. Delville 7 finds it not uncommon in native huts at Astrida, Belgian
Congo. He dissected six and found one with oocysts. Gibbinsl7in Uganda,
Symes 49 in Kenya, and Meeser (quoted by De Meillon 6) in Southern
Rhodesia dissected 400, 180, and 148 respectively and found none infected.

Larval bionomics. Reported from all types of natural breeding-places.

8. domicolus
Distribution. French Sudan, Gold Coast, Haute-Volta, Ivory Coast,

and Northern Nigeria.
The identity of this species is uncertain and it may be conspecific

with longipalpis. 6
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Adult bionomics. Johnson 32 found it represented 0.25% of all ano-
phelines caught in habitations in Northern Nigeria. Holstein 28 in French
West Africa found 3 out of 283 females, and in the Bobo-Dioulasso district,
Haute-Volta, 1 out of 44, with sporozoites. He regards it as a subsidiary
vector.

Larval bionomics. Not known with certainty.

9. flavicosta
Distribution. Purely West African.
Adult bionomics. Holstein 28 reports 1 female 'out of 68 dissected as

being positive, oocysts only, in French West Africa. Further than this
nothing appears to be known about this species.

Larval bionomics. Larvae have been found in slow-moving shaded
water in streams and rice-fields with surface and underwater vegetation.5
10. funestusfunestus

Distribution. Widely distributed over the whole of the Ethiopian region
including Madagascar and the Mascarenes. The northern limit is southern
Sudan. In the south it is largely absent from the Union of South Africa
but prevalent east of the Drakensberg escarpment. On the western side
it does not occur further south than Ovamboland (South West Africa)
and Ngamiland (Bechuanaland).

Adult bionomics. One of the two most important vectors of malaria
in Africa. It is anthropophilic to a high degree and endophilic. Symes 49

found that even when huts were shared with cattle as many as 84 out of
165 adults were positive for human blood and only 6 for ox. A number of
workers have shown that when the same building is shared by humans
and domestic animals the majority of funestus are found in the section
occupied by the human beings. It is also known that an increase in the
number of occupants in a hut causes an increase in the number offunestus
which enter it. This, plus such demonstrations as that unwashed natives
are more attractive than washed ones, that old clothes attract adults, and
that when a current of air is blown over a human bait the adults fly upwind
to it, all show that funestus is strongly attracted to human beings and is
probably guided by smell in locating its host.
A departure from the house-frequenting habit has been reported from

three separate localities in South Africa.6 Typical larvae occur in streams
at comparatively high altitudes but adults do not enter habitations and
there is no malaria. In other parts of Africa, e.g., Ruanda Urundi (Belgian
Congo), 31 and Kenya, however, this departure from normal behaviour has
not been observed at high altitudes.

In West Africa an almost complete turnover of adults in a hut was
recorded in 24 hours, whereas in South Africa it was concluded that adults

9
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having once entered remain indoors until the ovaries are fully developed,
that is for three to four days. Differences of technique, habitations, climate,
time of the month, etc., may account for the disagreement noted.

Various workers have made observations on the time of entry of adults
into huts. Most of this work, however, is complicated by the fact, discovered
at a later date by Ribbands,43 that there is a high positive correlation
between the time at which females enter huts and the period of moonlight.
During moonless periods the ffighting was partially inhibited and when the
moon came out the waiting mosquitos entered the huts in greatest numbers.

It is generally agreed that afunestus population is a relatively stable one.
Seasonal fluctuations in numbers of adults due to cold weather, rainfall,
dry winds, lake levels, and eruption of springs have been reported. Fluc-
tuations from year to year are less liable to occur because of the relative
stability of the breeding-places.

Hopkins 30 in Uganda and from work in Southern Africa has shown
that, when the breeding-places do not produce untoward numbers of
adults and when there is no prevailing breeze at the time of ffighting,
funestus is not likely to be of much importance as a vector beyond the
half-mile (0.8-km) limit. It was concluded, however, that the maximum
effective range may be greatly extended in the direction of a prevailing
breeze when the breeding-places are very prolific. In Northern Rhodesia,
for example, Adams 1 proved flights of nearly 5 miles (8 km) with the pre-
vailing breeze. It is obvious that distance of ffight, like so much else in
anopheline bionomics, will have to be investigated in each locality and
that no sweeping generalizations can be made.

Work on the climatic factors which influence distribution was done in
South Africa on a small scale. The criteria which favour and limit distri-
bution were defined as: (1) a mean monthly temperature of 61°F (16.10C)
or over ; (2) a range of temperature of less than 40°F (4.40C) ; and (3) an
annual rainfall of 30 inches (76 cm) or more. Applying these criteria to the
rest of the Union of South Africa, a forecast of the distribution offunestus
was made in 1934. Since that date intensive collecting has proved this
forecast to be largely correct.

That funestus can be spread by trains was proved in Northern Rhodesia
where as many as 90 adults were collected in one passenger coach and 103
in a luggage van.

Because of the relative stability of a funestus population all authors
are agreed that it is responsible for endemic malaria of high degree.
Recently Heisch& Harper 25 found funestus to be responsible for an epidemic
of malaria in Kenya Highlands. The exact part played by funestus in a
particular area will naturally depend on many things, among which the
most important is probably the presence of gambiae. Garnham,10 for
example, has shown that at Kisumu (Kenya) the peak offunestus foliows
the peak of malaria.
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Larval bionomics. Characteristically a stream breeder showing a decided
preference for shade. Permanent swamps, rivers, furrows, and seepages,
may also be prolific breeding-places. On the whole, clear fresh water is pre-
ferred and organic pollution not tolerated. Breeding in fallow rice-fields
has been reported from Madagascar. Differences in breeding-places in
different parts of Africa are no doubt partially explained by the availability
of suitable types of water. In South Africa, funestus larvae disappear from
hill streams when the mean air-temperature approaches 580F (14.40C).
In Kenya, the temperature-range of breeding-places lies between 64oF
(17.80C) and 77°F (25.0°C). It has also been shown both in Kenya and
South Africa that the thermal death-point of larvae is lower than that of
gambiae, a well-known pool breeder. In hill streams larvae are rather
easily flushed out and this probably provides the explanation for the absence
of funestus from certain parts of Natal. In West Africa heavy rains are
also known to inhibit breeding, and Holstein 28 has described the rise in
a funestus population during the dry season in French West Africa.

An exceptional breeding-place was discovered by Symes 50 in Malindi
(Kenya), where larvae were recovered from wells and domestic water-
containers. Symes was of the opinion that continuous breeding took place
inside habitations. These funestus were considered to be responsible for
the endemic malaria of Malindi.

On the whole the breeding-places, all of a more or less permanent
nature, of funestus provide an explanation for the relative stability of the
population and high degree of malaria endemicity so often associated with
it. For these reasons, too, funestus does not as a rule invade new country
and hence is not characteristically associated with epidemic malaria which
is the special province of gambiae. Again, however, hard and fast rules
cannot be laid down. I recently found in northern Ovamboland (South
West Africa) that the overflow channels known as " Oshanas" of the
Okavango and Kunene rivers are normally dry, but that when exceptional
rains fall they flow, and funestus apparently penetrates deeply into the
country from which it is normally absent.a

11. funestus var. imerinensis

Distribution. Madagascar, apparently widespread.
The status of this variety is uncertain.
Adult bionomics. The original specimens were probably captured

in habitations though this was not specifically mentioned. According
to recent unpublished information from the Institut de Recherche Scien-
tifique de Madagascar, adults are common in habitations and have been
found naturally infected with malaria. It is regarded as a vector of some
importance and occurs over practically the whole island.

a See pages 394 and 408. - ED.
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Larval bionomics. Breeds principally in rice-fields and inundated flats
during the rainy season when it is found in company with funestusfunestus
and gambiae.

12. gambiae gambiae
Distribution. Widespread throughout the region from South West

Arabia in the north to Natal in the south. It is present in Madagascar,
the Mascarenes, Aldabra, Sao Thome, and Fernando Po. Within recent
years it has been introduced into Brazil and Egypt, from both of which it
has apparently been exterminated.

Adult bionomics. With funestus, this is the most important vector in
the region. It shows a high degree of anthropophilism and endophilism
over most of its range. As with funestus, precipitin tests have shown that
even in human habitations shared by cattle over 70% were positive for
human blood and only 5% for ox.

There is growing evidence that gambiae does not always show the
same pattern of behaviour everywhere or under all climatic conditions.
At high altitudes gambiae may be rare in habitations, strongly zoophilic
(Ethiopia, Transvaal Highveld), and relatively harmless, whereas in Kenya
it is responsible for malaria at very high altitudes. In South Africa and
Brazil, adults have been found to be rarer in habitations in the dry than in
the moist seasons or regions. In West Africa, gambiae have on occasion
been recovered in considerable numbers from outdoor haunts. In Mauri-
tius, Balfour 2 and MacGregor 36 reported adults to be rare in habitations
during the day. Following a request from me for recent information on
vector bionomics for inclusion in this paper, the Director of Medical
Services, Mauritius, reports that since the institution of recent antimalaria
measures gambiae has become rare in habitations. It is also apparently
being repelled by DDT and is now, because of its absence from houses,
thought to have become largely zoophilic and exophilic. It is also thought
that funestus must have been a much more serious vector than gambiae
in the past. This is all very interesting and one is tempted to conclude
that if gambiae never showed a high degree of anthropophilism and endo-
philism in Mauritius then it was relatively easily deviated by a repellent or
irritant such as DDT applied indoors. Here is a possible biological expla-
nation for the disagreement between workers about the ability of DDT
spray in habitations to control malaria in different parts of the world. It
is reasonable to suppose that a species which is highly endophilic will be
more readily controlled by indoor spraying than one which is rather easily
deviated to an outdoor life. If it retains its anthropophilism after deviation
to an outdoor life malaria will not be readily controlled, but if it now
becomes zoophilic then striking results will be obtained.

Other differences in gambiae behaviour in different parts of Africa may
be summarized as follows: In Brazil and in South Africa gambiae are
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considered to be very strongly endophilic with very little biting taking place
out-of-doors. At Taveta, Kenya, Hocking & Maclnnes 26 report that
gambiae do not rest outside during the day except when newly emerged or
just after egg-laying. In West Africa, Tanganyika, and Uganda, on the
other hand, adults readily attack man out-of-doors. That climatic factors
may be responsible for this has been proved by Haddow,21 who showed
that in the forests of Uganda the biting cycle is inversely related to tempe-
rature and saturation deficiency. In these forests gambiae bites readily
during the day contrary to its normal nocturnal behaviour elsewhere. The
work of Haddow is important because it provides concrete evidence of what
has been long suspected, namely, that behaviour is influenced by climate.
I recently had occasion to observe an instance of this in South West Africa,
which has a desert-like climate, i.e., hot days followed by cold nights. In
at least two places gambiae was very active in the evening in camp. In the
very cold early morning no adults were to be seen until they were discovered
in a torpid state lying on beds, nets, boxes, etc. As the sun rose and warmed
the air they became active again and attacked the camping party vigorously
and in bright sunlight until about 10.00 hours when they again disappeared
apparently due to the heat.

In the summary given above it is clear that gambiae behaves differently
in different parts of Africa. It is equally clear that climatic conditions have
a powerful influence on this mosquito and it is necessary to exclude this
before postulating the existence of biological races within the species.
Holstein 26a has divided the species into two forms in French West Africa,
namely: (1) gambiae typicus, which is long-winged, rests in houses during
the day, and breeds in waters rich in organic materials ; and (2) gambiae
minor, which is short-winged, present in habitations at night only, and
breeds in clear waters devoid of organic materials. The evidence presented
for so splitting up the species does not appear to be conclusive.

There is quite a lot of evidence to show that adult gambiae prefer one
type of house to another. In West Africa, for instance, Gordon et al. 18
found that dark, ill-ventilated habitations were preferred. Darkness as such
may have nothing to do with the matter; it may merely be an indication
of exclusion from the outer world and hence a more stable climate. In South
Africa it has been shown that in dry, hot parts adult gambiae do not remain
in tents during the day, but fly out to outdoor haunts with a more salubrious
climate such as under wet stones in a river-bed.

In the presence of prolific breeding-places and a prevailing breeze from
them to a township it has been shown that gambiae can fly over 4 miles
(6.4 km) in Northern Rhodesia.

Because of its preference for breeding in small, sunlit pools gambiae
adults may obviously be expected to be more numerous and widespread
during the rainy season. Vincke & Parent,58 for instance, subjected their
adult catches at Stanleyville (Belgian Congo) over a period of six years to
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a statistical analysis and showed that there was a direct positive correlation
between rainfall and number of adults. I think this can be regarded as proved;
what does remain a matter for controversy is 'how much rain and how
distributed '. This will probably be found to vary from place to place accord-
ing, among other things, to the type of soil, temperature, height of ground
water, type of cover vegetation, physical geography, etc. It seems from
observations in widely separated parts of Africa that breeding-places resulting
from early rains are more prolific (South Africa, Kenya, Sudan). It is possible
that favourable nutritional substances required by larvae are present early
on, that they disappear later, or that such questions as intra-specific com-
petition, parasites, and predatory action may play a part.

In the tropics, especially where the rainfall is adequate and constant,
gambiae populations are fairly stable. In the subtropics and temperate
regions, however, with marked seasonal changes the numbers of adults and
the area which they cover may vary considerably from season to season
and year to year. In semi-arid South Africa two types of fluctuation in
numbers are known to occur: (1) Seasonal, which is dependent on tempe-
rature. Three thermal regions were identified : (a) regions characterized
by absence of frost, in which active breeding occurred all the year round;
(b) regions characterized by 0-50 days of frost, in which active breeding
occurred in summer only; and (c) still colder regions, into which gambiae
may spread in certain favourable years when breeding in (b) is prolific.
(2) Intra-seasonal, which is dependent on rainfall in arid regions and on
rain following prolonged droughts in well-vegetated areas. In Southern
Rhodesia, Leeson 3 traced the gradual disappearance of gambiae down a
long valley with the approach of winter and then recorded its spread up the
same valley as summer approached.

The problem to be considered is how is this spread, sometimes after
years of absence, effected. It is, of course, very difficult to be absolutely
certain that gambiae is completely absent from any area at a given time.
In areas supposedly free from gambiae odd individuals, which are difficult
to find, may survive through adverse times and form the nucleus of new
broods when conditions become favourable. Supposing that complete
disappearance is proved, then there are three possibilities to consider:

(a) Gradual spread. Strong evidence for this exists.
(b) Mass flights. Barber 3 thinks this takes place in Brazil when breeding-

places diminish.
(c) Spread by transport. This has been proved over and over again,

the classical example being provided by the introduction into Brazil. In
Northern Rhodesia, Adams 1 searched trains coming into a controlled area
and found 39 adults in one native coach alone. Garnham 12 iS of the opinion
that rail and road transport are responsible for the annual introduction
of gambiae into regions of high altitude in Kenya where it cannot breed
all the year round.
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Gradual spread aided by wind and transport are probably the means
by which this insect can cover comparatively large areas in a very short
time.

With regard to vertical spread, Haddow et al.22 have found gambiae to
be the commonest mosquito at all levels up to 82 feet (25 i). The largest
percentage, however, occurred at ground level.

Laboratory colonies have been established and maintained through
several generations in South Africa, French West Africa, and Brazil.

In areas such as the tropics and subtropics, where rainfall is adequate
and temperatures equable, gambiae is responsible for severe endemic malaria.
Because of fluctuation in numbers within a season or over several years in
temperate areas or regions of erratic rainfall, however, it is the classical
vector of epidemic malaria over a large part of Africa. Wilson 61 has very
neatly demonstrated the relation between malaria of different endemicities,
the break in the transmission season, and the numbers of gambiae in three
different climatic regions in Tanganyika.

Larval bionomics. The preferred breeding-places are small, natural
collections of water completely or partially exposed to the sun. This applies
to Brazil as well as to the dense rain forests of Uganda. It is a common
experience that when the breeding-places are of a temporary nature, such as
provided by rain, they appear to be more prolific. The breeding-places
which come within this definition are numerous and range from those
resulting from the activities of man and animals, such as borrow-pits, drains,
excavations, denuded and eroded soils resulting from overstocking, road-
making, deforestation, veld burning, and animal drinking-places to those
caused by rain, overflow of rivers, pools left by receding rivers, and so
forth. Among the most important breeding-places are those created by man,
and for this reason gambiae is often found near habitations. This, of course,
is of great epidemiological importance since it brings the vector within
easy reach of its host. As the exploitation of Africa proceeds it is to be
expected that gambiae breeding-places will increase. In Northern Rhodesia,
for example, it was found that in virgin country the proportion of gambiae
to funestus was 0.7: 1 whereas near a small town, with the results of con-
siderable human activity much in evidence, it was 37: 1. Again in Uganda,
Hancock 24 found that though the original Namanve swamp was innocuous
it became a prolific breeding-place after reclamation.

The growing of crops, especially rice, and cultivation of the soil often
produces many breeding-places. Depressions capable of holding water in
newly turned soil seem to be particularly favourable for gambiae breeding,
and it was a common belief among pioneers in South Africa that malaria
followed ploughing and the spring rains; hence also the idea that the
breaking of the soil surface liberated the noxious vapours which caused
malaria. As long ago as 1909, Spencer 47 in the Transvaal drew attention
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to the close correlation between the first ploughing and malaria though he
had no knowledge of gambiae or its breeding-places.

The preference of gambiae for temporary and newly formed breeding-
places leads one to believe that organic pollution is not well tolerated.
This has been demonstrated by Hopkins 29 and Hancock 23 who controlled
gambiae breeding by adding cut grass and town refuse to breeding-places.
Attempts to demonstrate a special microfauna and flora which might be
essential for larvae in newly formed pools have not been successful. So
far then, apart from the fact that older pools are liable to become polluted,
there is nothing to show why gambiae prefers and breeds so prolifically in
newly formed ones.

Larvae have been found in uncommon breeding-places. On the island
of Mozambique, for instance, they breed in underground cisterns in com-
plete darkness. Patton 41 in 1905 found them in deep wells in the Aden
Hinterland. In the Congo, larvae have been collected along with such
stream and shade lovers as nili, moucheti, and coustani. It seems that
gambiae are found in these unusual places when no other waters are avail-
able or when pressure of population causes an overflow.

Several workers have tried to define the physical characteristics of the
breeding-places. Symes49 gives 63.30F-74.30F (17.40C-23.50C) as the range
of water temperature. In Southern Rhodesia, Leeson34 found that gambiae
disappeared when the absolute minimum air-temperature fell below 40°F
(4.40C). In South Africa, larval distribution was found to correspond
with frost-free areas. The thermal death-point of larvae has been shown
to be higher than that offunestus, a shade lover. A range in pH of from
6.0 to 8.4 has been recorded in breeding waters, but larvae have been
found in natural waters with a reading as low as 4.0. Breeding in brackish
water is uncommon and both in Brazil and West Africa it was found
that the maximum amount of sodium chloride that can be tolerated is
about 1 % (i.e., approximately 38 % of sea-water). Muirhead-Thomson 38
finds that the female is not deterred from oviposition until sea-water of
the breeding-place reaches a concentration of 38%. Salt-water breeding
has been reported from Zululand 6 and Dar-es-Salaam.39

13. gambiae var. melas
Distribution. Because of the uncertainty connected with identification,

the distribution is not accurately known. It is definitely known from Lagos
(Nigeria) and Sierra Leone but it is possible that the following records are
also valid: Banana (Belgian Congo), and the Gold Coast. Holstein 28
reports it from Casamance, French Guinea, the Ivory Coast, and Senegal.
Reports of its occurrence on the east coast and islands of the Indian Ocean
probably all refer to a salt-water-breeding form of gambiae gambiae.

Adult bionomics. Anthropophilic and endophilic to a high degree. It
is regarded as the dominant vector of malaria in many places on the West
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Coast. At Freetown (Sierra Leone), for instance, a sporozoite-rate of 1 4%
for all months of the year has been reported by Muirhead-Thomson.38

Larval bionomics. The breeding-places are littoral and consist of lagoons
and tidal swamps. Though capable of withstanding fresh water, natural
breeding in it is negligible. Ribbands 42 found that it could complete its
life cycle in 150% sea-water (47.6 sodium chloride per litre). This know-
ledge has been put to use in a biological test for separating gambiae gambiae
from the variety. The larvae can furthermore withstand quite sudden
changes in salinity and are therefore immune to tidal action. Muirhead-
Thomson 38 has given a detailed account of breeding in Sierra Leone.
Dense breeding is almost entirely confined to mangrove swamps forested
by Avicennia whereas Rhizophora swamps are almost entirely harmless.
Avicennia swamps are flooded only by high spring-tides and are important
because of the flat, badly drained, peaty soil in which the trees grow.
Removal of trees does not prevent breeding.

14. hancocki
Distribution. Central Africa, ranging from the west coast to Uganda;

also known from Madagascar.
Adult bionomics. In Liberia and Uganda it is largely endophilic and

anthropophilic whereas in Sierra Leone it bites man out-of-doors only.
In Uganda, Gibbins 17 dissected over 900 adults and found a salivary-
infection-rate of 2.7%. At the same time, however, over five times as
many gambiae and funestus were taken indoors with salivary-infection-rates
of 10% and 8.3 % respectively. The part played by hancocki in local malaria
at that particular time must have been quite small. In Haute-Volta and
the Ivory Coast, Holstein28 found 2 out of 62 females infected. He regards
it as a subsidiary vector.

Larval bionomics. In Uganda it breeds in shallow, grassy water-holes,
in ditches with slight flow, and among Pistia in wells. In all cases the water
was clean and clear. In Sierra Leone it has been recorded from the margins
of streams and seepages.

15. hargreavesi
Distribution. A West African species extending into northern Belgian

Congo. Specimens in the collection of the South African Institute for
Medical Research, Johannesburg, Union of South Africa, recently received
from Angola appear to be this species.

Adult bionomics. Barber & Olinger 4 found adults to be common in
native huts near Lagos (Nigeria). Kerr,33 in more or less the same locality,
recorded it biting man freely out-of-doors with a peak of activity at midnight
or later. The species has been infected experimentally, and in Southern
Nigeria 5.4% of 92 adults had positive salivary glands. Barber & Olinger 4

believed the species to be important as a vector. Mattingly 37 has given
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further information on bionomics and concludes that in the area in which
he worked (near Lagos) hargreavesi may well be a more important vector
than gambiae owing toits greater abundance and more uniform seasonal
distribution.

Larval bionomics. Larvae occur amongst vegetation in all streams
generally associated with Pistia. Some shade appears to be necessary but
the breeding-places have not been described in any detail.

16. implexus
Distribution. A Central African species extending from Kenya to the

Gold Coast and as far south as Katanga, Belgian Congo. Recently it has been
found to occur in the forests of the south-eastern coast of South Africa.

Adult bionomics. A forest species though shade need not be excessively
dense. In the forests and jungle it will bite man.57, 4 In Uganda 16 and in
Kenya a few specimens have been recorded from habitations. Vincke 55
reports 1 gland infection in 739 dissections.

Larval bionomics. Breeds in forest pools usually in deep shade.

17. maculipalpis
Distribution. Fairly widespread over the whole region except the extreme

north ; also recorded in Madagascar and Mauritius.
Adult bionomics. Not normally regarded as endophilic and anthropo-

philic to any degree in Kenya, Mozambique, South Africa, Southern
Rhodesia, and Zanzibar. In Mauritius, MacGregor36 found adults in
habitations and succeeded in infecting the species in the laboratory with
P. vivax. In the French Cameroons, Vaucel & Campourcy 54 found a
sporozoite-rate of 8% out of 206 adults dissected.

Larval bionomics. Larvae have been recorded from a great variety of
breeding-places but more especially from standing water in light shade. In
Kenya, however, Symes 49 has recorded 24 out of 84 collections from streams.

18. marshalli var. gibbinsi
Distribution. A Central African species confined largely to relatively

high altitudes in the Belgian Congo, Kenya, and Uganda.
Adult bionomics. In high country near Fort Portal, Uganda, Gibbins 16

found this variety to be common in habitations and reported a salivary-
infection-rate of 0.2% out of 923 dissections.

Larval bionomics. Larvae were found amongst vegetation in Kenya in
slow, shallow streams or drains unshaded by trees.

On the whole little seems to be known about this variety.
19. michaeli

Distribution. Only known from Ndola, Northern Rhodesia, and the
environs of Elisabethville, Belgian Congo.
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Adult bionomics. An exophile which will bite man near its breeding-
places. It is known to attack domestic animals. Vincke 55 reports 1 stomach
infection out of 821 dissections from a mixed group of walravensi and
michaeli. He regards the species as being short-lived and hence not capable
of becoming a serious vector.

Larval bionomics. A swamp or marsh breeder and also known from
temporarily inundated ground.
20. moucheti moucheti

Distribution. A Central African species with a wide distribution in
the Congo. Also known from the Cameroons and Uganda. It will probably
be found to occur in Angola.

Adult bionomics. Apparently quite strongly anthropophilic and endo-
philic. At Jinja, Uganda, Gibbins 16 found it to represent 27.4% of all
anophelines caught indoors. Wherever dissections have been made it has
been found infected, e.g., salivary-infection-rates of from 2.2% to 4% have
been reported from Stanleyville (Belgian Congo), 2.9% from Jinja, and 5.1 %
from Yangambi (Belgian Congo). These figures appear to be highly signi-
ficant, but Vincke & Parent 58 point out that at Stanleyville, at least, the
percentage of moucheti out of all infected mosquitos amounted to only
6.5% whereas gambiae accounted for about 90°%. On the Kwango and
Kasai rivers (Belgian Congo), Fain & Henrard 9 found that it outnumbered
gambiae and funestus. At Coquilhatville (Belgian Congo), Wolfs 62 reports
it to be the most prevalent house-frequenter far outnumbering other species.
The absence of gambiae here is thought to be due to the nature of the soil
which encourages the formation of iron deposits in potential breeding-
places. The low order of malaria endemicity at Coquilhatville is thought
to be due to the fact that moucheti is a less efficient vector.

This species will have to be closely watched wherever it occurs ; it may
be important as a secondary vector at a time when gambiae or funestus are
not prevalent, or of primary importance in the absence of the two.

Larval bionomics. In the Congo, larvae occur along the edges of streams
and rivers and on flooded, vegetated islands in the Congo River. Parent
& Demoulin 40 made a detailed investigation of the breeding-places at
Yangambi on the Congo river. They showed that increases and decreases
of adults caught in habitations are directly controlled by the rise and fall
of the river. The river shows its effect on the number of adults one month
after it has risen. In Uganda, larvae were found in quiet-flowing, shaded,
clean water.

21. moucheti var. nigeriensis
Distribution. Previously only known from Southern Nigeria but recently

reported from French Guinea.28
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Adult bionomics. Barber & Olinger 4 found it to represent 0.5 % of all
anophelines caught indoors. Of 87 adults dissected 1.1% showed salivary
infections. They consider the species to be of considerable importance near
Lagos (Nigeria). It is worth noting, however, that at the same time they
captured 15,000 gambiae with a sporozoite-rate of 6.6%.

Larval bionomics. Breeds in partly wooded and vegetated swamps.
I am doubtful if this variety is worth a distinct name. There appears to

be little to separate it from the type species.

22. nili
Distribution. Widespread over practically the whole region but often

rare and occurring in small numbers only. Absent from arid and desert
regions unless these are traversed by rivers.

Adult bionomics. Subject to marked variation both in behaviour and
morphology and it is possible that a single name is being used for two
species. Where it is markedly anthropophilic and endophilic salivary-
infection-rates have been reported as follows: Stanleyville (Belgian Congo),
5.3% and 4.3% ; Liberia, 0.8%; and Sierra Leone, 9.1 %. In spite of the
high infection-rate obtained in Sierra Leone, Gordon et al.'8 did not consider
the species to be an important vector because of its rarity when compared
with gambiae and funestus. At Stanleyville, Vincke & Parent 58 calculated
that the chance of being infected by nili was 4 in 100 whereas it was 90 in 100
with gambiae. In French West Africa, Holstein 28 found 1 out of 17 females
infected. He regards it as a secondary vector.

Elsewhere in Africa it is rare in habitations. In Northern Nigeria, for
instance, Taylor 51 in 1930 recorded only 9 nili out of nearly 4,000 anophelines
caught indoors. In the Congo, Schwetz 45 has pointed out that in some
localities it is rare in habitations and in others common. In Southern Africa
adults are never taken indoors.

Larval bionomics. Principally a stream breeder, larvae being found in
vegetation or in shade along the edge of streams and even in large rivers.
At Stanleyville and elsewhere on the Congo river vegetated islands form
one of the principal sources. Vincke & Parent 58 have shown that the numbers
of adult nili caught in habitations are directly related to the rise and fall
of the river.

23. obscurus

Distribution. Mainly West and Central Africa.
Adult bionomics. Generally regarded as zoophilic and exophilic. In

West Africa, Barber & Olinger 4 reported 51 obscurus out of a total of over
15,000 anophelines captured in houses. 3.9% of these were infected but
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none in the glands. They failed to infect it experimentally. In other parts
it is not known to enter habitations and no importance is attached to its
presence in a locality.

Larval bionomics. Largely a swamp breeder and known to be able to
resist a certain degree of salinity.

24. paludis

Distribution. Largely West and Central Africa.
Adult bionomics. Generally regarded as exophilic but known to bite

man out-of-doors in Nigeria.4 At Coquilhatville (Belgian Congo) it readily
enters habitations and there a stomach- and gland-infection-rate of 5.5%.
and 0.39% respectively has been noted.6

Larval bionomics. Largely a swamp breeder.

25. pharoensis

Distribution. Widespread over practically the whole region and known
from Madagascar.

Adult bionomics. A variable species both in morphology and bionomics,
pharoensis is easily infected experimentally wherever it has been worked
with. Natural infections occur in such widely separated countries as Egypt,
French West Africa, Southern Nigeria, and Uganda, but in these same
countries, or in closely adjoining ones, considerable numbers of dissections
have also proved negative. It may be strongly anthropophilicin Central Sudan,
Egypt, and Southern Nigeria, and weakly so in Kenya and some other
localities. All dissections have shown the sporozoite-rate to be low. Garn-
ham 11 was of the opinion that some at least of the sporozoitic infections
reported may have been due to non-human species of Plasmodium. In Kenya,
Haddow 20 found it to be zoophilic and not to shelter in huts during the
day but to enter freely at night with a peak between midnight and 02.00 hours.
A peculiarity of pharoensis is that it may occur in very large numbers for a
night or two and then disappear for long periods. There is evidence from
Egypt that it may be blown for comparatively long distances on a prevailing
breeze. In Central Sudan,35 where immense numbers of adults attack man
and animals, it is not regarded as of much importance as a vector. It is
widespread in French West Africa, where Holstein 28 found a total infection-
rate of 4.4%. He regards it as a secondary vector. Cage colonies have
been successfully established.19 52

Larval bionomics. Largely a swamp breeder throughout its range; also
known from rice-fields in Egypt and Kenya. In two lakes in the Belgian
Congo, Schwetz45a found it in very large numbers associated with the
aquatic weed Ceratophyllum demersum.
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26. pretoriensis

Distribution. Widespread over most of the region including Madagascar.
Adult bionomics. Generally not regarded as a house-frequenter in

Ethiopia, Kenya, Nyasaland, and South Africa. In Southern Rhodesia,
as much as 21 % of all anophelines caught in habitations have been preto-
riensis. It has been found naturally infected in the Transvaal and Southern
Rhodesia with a sporozoite-rate of ± 1%. These infected insects were
captured in outside haunts. In Kenya, Symes 49 found 15 out of 30 adults
to give a positive precipitin test for human blood; he was of the opinion
that its apparent liking for human blood could not be ignored.

Larval bionomics. Larvae occur in most types of breeding-places except
when heavily shaded. They are very common in seepages and are often
associated with gambiae.

27. rhodesiensis

Distribution. Widespread over most of the region.
Adult bionomics. Generally not regarded as house-frequenting in Kenya,

Mozambique, Sierra Leone, South Africa, and Southern Rhodesia. At
Koinadugu, Sierra Leone, however, Wood 3 found it not uncommon
indoors and recorded 1 salivary-gland infection out of 37 dissections.

Larval bionomics. Larvae occur in most types of breeding-places
including rock pools and completely exposed waters. Deep shade is not
well tolerated.

28. rufipes

Distribution. Widespread over most of the region including Madagascar.
Adult bionomics. Over most of its range rufipes is an outdoor species.

In the Central Sudan, however, it sometimes outnumbers gambiae in habi-
tations and Lewis 35 believes that it may be an important vector. Vincke
& Henrard 56 in the Congo found 1 female out of 13 dissected infected with
oocysts. In northern Nigeria rufipes enters habitations towards the end of
the rainy season, and Gelfand 14 has found 1 salivary infection out of
19 dissected.

In the northern Haute-Volta, Holstein 28 reports that it may represent
72.4% of all mosquitos taken in houses. Of 430 females dissected this
author found a total infection-rate of 7.7%. He is of the opinion that in
some parts of the Haute-Volta it is the principal vector. At Banfora (Bobo-
Dioulasso district), for example, a sporozoite-rate of 16.9% was found.
Flights of up to 2.5 miles (4 km) are reported in French West Africa.

Larval bionomics. Mainly a swamp and seepage breeder ; also common
in rice-fields.
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29. squamosus

Distribution Widespread over practically the whole region.
Adult bionomics. An exophilic species which does not enter habitations.

Symes 49 tested 138 females and found 5 positive for human blood, 33 for
ox, 14 for goat, 4 for human and ox, 2 for human and goat, 30 for ox and
goat, 8 for human, ox, and goat, and 42 negative for all these. Vincke 55

finds it bites man readily out-of-doors near breeding-places at Elisabeth-
ville, Belgian Congo, and reports 1 stomach infection out of 256 dissected.
As with other exophilic species he considers the life-span to be too short
for the species to be important as a vector. Other dissections all giving
negative results have been made as follows: 83 in Nigeria ; 51 3 in
Kenya; 48 62 in Southern Rhodesia.6

Larval bionomics. The breeding-places are standing or slowly moving
waters of many descriptions provided some shade is present. It is known
to breed in rice-fields, and pans and swamps can produce enormous numbers.

30. walravensi

Distribution. Elisabethville, Belgian Congo; Ndola, Northern Rho-
desia ; and a few places in Southern Rhodesia.

Adult bionomics. An exophilic species which does not enter habitations
but will bite man in the open. In Southern Rhodesia 6 adults were taken
biting a native near a swamp but no adults entered a tent in close proximity.
100 females examined yielded no infections. Vincke 55 reports 1 stomach
infection out of 821 dissections from a mixed group of michaeli and
walravensi.

Larval bionomics. A swamp or marsh breeder and also known from
temporarily inundated ground.

Conclusions

From the information given certain conclusions are permissible though
they may require modification as further knowledge becomes available.

(1) The principal vectors over the greater part of Africa south of the
Sahara and including the islands belonging to this region are Anopheles
gambiae andfunestus. Because of its wider distribution gambiae is probably
of greater importance on the whole than funestus.

(2) Both gambiae and funestus can be responsible for intense endemic
malaria and gambiae, because of its ability to breed in temporary rain-
water pools, is by far the most important vector of epidemic malaria.

(3) The behaviour of gambiae and funestus is not uniform throughout
the region, and climatic factors do influence behaviour. This does not,
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however, rule out the possible existence of biological races within the
species. Differences in the behaviour of these two vectors in different
localities may, it is suggested, account for differences of opinion regarding
the efficacy of DDT as an imagocide in the control of malaria.

(4) The African vectors may be divided into three categories:
(a) Primary: These are vectors wherever they are found. They occur
over the greater part of the African continent and malaria control
in a community depends on dealing with them. They are largely
endophilic.

gambiae gambiae
funestus funestus
funestus var. imerinensis, Madagascar only

(b) Secondary: These are of importance in some restricted localities
in the absence or rarity of the primary vectors. In such circumstances
they are largely endophilic. Elsewhere they are harmless and mainly
exophilic. When primary vectors are absent or rare malaria control
will depend on dealing with them.

brunnipes, Leopoldville (Belgian Congo)
gambiae var. melas, French Guinea, Gold Coast, Ivory Coast,

Nigeria, Sierra Leone
hancocki, Belgian Congo, Nigeria, Uganda
hargreavesi, Southern Nigeria
moucheti moucheti, Belgian Congo, Uganda
nili, Belgian Congo, Nigeria, Sierra Leone
pharoensis, French West Africa
rufipes, French West Africa, ? Sudan

(c) Tertiary: In most cases these have been found infected with plas-
modia of uncertain origin. Malaria control does not depend on dealing
with them. They are suspected of being short-lived and are primarily
exophilic.

austeni, Angola
christyi, Uganda
concolor, Belgian Congo
coustani coustani, Belgian Congo
coustani var. ziemanni, Belgian Congo
demeilloni, Ruanda Urundi (Belgian Congo)
domicolus, French West Africa
flavicosta, French West Africa
implexus, Belgian Congo
maculipalpis, French Cameroons
marshalli var. gibbinsi, Uganda
michaeli, Belgian Congo
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moucheti var. nigeriensis, Southern Nigeria
obscurus, Nigeria
paludis, Nigeria
pretoriensis, Southern Africa
rhodesiensis, Sierra Leone
squamosus, Belgian Congo
walravensi, Belgian Congo

SUMMARY RItSUME'
The author lists those species and

varieties of malaria vectors in Africa
-30 in number-in which naturally
occurring infections of human origin have
been found, and summarizes the informa-
tion available on the distribution and adult
and larval bionomics of each vector.
From the evidence presented a number
of conclusions are drawn, though it is
pointed out that increased information
may lead to their modification.

The African vectors may be divided into
three groups: primary, secondary, and
tertiary. The first group-Anopheles
gambiae gambiae, funestus funestus (and
funestus var. imerinensis (Madagascar
only))-are the principal vectors over the
greater part of Africa south of the Sahara,
including the islands of the region. Largely
endophilic, they are vectors wherever they
are found. Both vectors may be responsible
for intense endemic malaria, while gambiae
is the most important vector of epidemic
malaria. The behaviour of both funestus
and gambiae is not uniform in all localities.
While it is without doubt influenced by
climatic factors, biological races within
the species may also exist.

The second group-brunnipes (Leopold-
ville), gambiae var. melas (French Guinea,
Gold Coast, Ivory Coast, Nigeria, Sierra
Leone), hancocki (Belgian Congo, Nigeria,
Uganda), hargreavesi (Southern Nigeria),
moucheti moucheti (Belgian Congo,

L'auteur enumere les trente especes ou
varietes de vecteurs du paludisme en
Afrique chez lesquelles des infections natu-
relles d'origine humaine ont ete constatees
et passe rapidement en revue les renseigne-
ments disponibles sur la repartition de ces
vecteurs et sur la bionomie des larves et
des adultes. Se fondant sur ces donnees,
il formule un certain nombre de conclu-
sions, tout en precisant qu'il pourra etre
necessaire de les modifier A la suite
d'observations nouvelles.

Les vecteurs africains du paludisme
peuvent etre classes en trois groupes,
suivant leur importance. Le premier de
ces groupes comprend les especes -
Anopheles gambiae gambiae, funestusfunes-
tus (et funestus var. imerinensis, a Mada-
gascar uniquement) - qui sont les vec-
teurs principaux de la maladie dans la
plupart des regions de l'Afrique situees au
sud du Sahara, y compris les iles qui s'y
rattachent. Essentiellement endophiles, ces
deux especes jouent le r6le de vecteur dans
tous les territoires ou on les rencontre.
Elles peuvent etre responsables l'une et
l'autre d'une incidence elevee du paludisme
endemique, mais gambiae est le vecteur le
plus important du paludisme epidemique.
Le comportement tant de funestus que de
gambiae n'est pas partout uniforme: ces
deux especes subissent sans aucun doute
l'influence des facteurs climatiques, mais
il se peut aussi que des races biologiques
differentes existent au sein de chaque
espece.
Le second groupe comprend les especes

et varietes suivantes: brunnipes (Leopold-
ville), gambiae var. melas (C6te de l'Or,
C6te d'Ivoire, Guin&e Francaise, Nigeria,
Sierra-Leone), hancocki (Congo Belge,
Nigeria, Ouganda), hargreavesi (Nigeria

10
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Uganda), nili (Belgian Congo, Nigeria,
Sierra Leone), pharoensis (French West
Africa), and rufipes (French West Africa,
? Sudan)-is of importance in the spread
of malaria only in some restricted localities
where the primary vectors are absent or
rare. Elsewhere they are harmless and
mainly exophilic.

The third group, primarily exophilic
and suspected of being short-lived, are
unimportant as malaria vectors.

Malaria control in the region depends
upon control of the primary vectors, and
of the secondary vectors when the primary
vectors are absent or rare.

meridionale), moucheti moucheti (Congo
Belge, Ouganda), nili (Congo Belge,
Nigeria, Sierra-Leone),pharoensis (Afrique-
Occidentale Francaise) et rufipes (Afrique-
Occidentale Franqaise, peut-etre Soudan);
elles ne jouent un r6le important du point
de vue de la propagation du paludisme que
dans certaines localites nettement delimi-
tees ofi les vecteurs du premier groupe sont
rares ou inexistants. Dans les autres
regions, ces especes sont inoffensives et
principalement exophiles.

Les especes du troisieme groupe, de ca-
ractere surtout exophile et dont on a des
raisons de penser qu'elles ont une vie ephe-
mere, n'entrent pratiquement pas en ligne
de compte en tant que vecteurs du palu-
disme.
La lutte antipaludique en Afrique doit

ere dirigee contre les vecteurs du premier
groupe et, la ofu ceux-ci sont rares ou
inexistants, contre les vecteurs du deuxieme
groupe.
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